The experiment investigated the effects of skin pressure by clothing on whole gut transit time and amount of feces. Comparisons of transit time and amount of feces were taken between 6 young female adults with and without a girdle. The skin pressure applied by a girdle (mean ± SD) on participant's waist, abdomen and hip region was 16.6 ± 7.80 mmHg, 17.1 ± 4.5 mmHg and 12.6 ± 5.0 mmHg, respectively. The difference of skin pressure with and without a girdle was about 10 mmHg. During each experimental period of 4 days with and without a girdle, the whole gut transit time and amount of feces were measured. The whole gut transit time of each day was determined as the time between the oral intake of each day's markers and their first appearance in the stool. The whole gut transit times of the markers taken on the first day were significantly prolonged (p<0.05) and those of the markers taken on the second day tended to be prolonged for participant using a girdle (p<0.1). The whole gut transit time of the markers taken on the third day could not be compared because they were not excreted into the stool. The cumulative increases of feces on the third day and the fourth day were significantly reduced with a girdle (p<0.05). These results indicate that the skin pressure by clothing has an effect on whole gut transit time and the amount of feces.
Introduction
Constipation is a common problem in our daily life, especially for women. However there is no standard definition of constipation because there are wide variations in normal bowel habits. The slowed intestinal transit time, reduced amount of feces, increased days without defecation and disorders of the anorectal mechanism are the usual abnormalities in patients suffering from constipation. While there are several organic causes, functional disorders are by far the commonest cause of constipation. It is generally known that constipation by functional disorders is caused by less dietary fiber, water intake and exercise, mental stress, irregular life style and no time in defecation. The factors of constipation mentioned above are common to men and women. However, many women are suffering from constipation. One of the reasons for constipation may be due to the tightly fitting underwear for women. Tokura (1989) found that skin pressure applied by a bodysuit could inhibit the rate of salivary secretion from parotid gland. Okura et al. (2000) found that skin pressure applied by the cuffs could inhibit the rate of salivary secretion and also demonstrated a reduction of amylase concentration in saliva. Tokura and his group suggested that the reduced amount of saliva was induced by suppression of autonomic nervous system activity originating in the saliva secretion center located in the brainstem (Tokura, 1989; Okura et al., 2000) . These previous findings suggest that gastric and intestinal secretion may also be suppressed by increased skin pressure due to clothing because these secretions are controlled by the autonomic nervous system (Ganong, 1997) . Gastrointestinal motility, which also is under the influence of autonomic nervous control (Ganong, 1997) , may be varied for a similar reason as mentioned above.
In this study we have investigated the effect of skin pressure by clothing on whole gut transit time, amount of feces and days without defecation during the experiment, which are closely related with the occurrence of constipation.
Materials and Methods

Subjects
Six healthy female participants (mean ± SD, age 21.50 ± 0.55 years, body weight 54.33 ± 5.96 kg, height 158.50 ± 4.86 cm), who defecate everyday and were not used to wearing a girdle, were studied. All participants were drug free, non-smoker and had been instructed to abstain from alcohol for 3 days before the experiment. Experiments were carried out at the participant's follicular phase of the menstrual cycles, excluding menses, because the menstrual cycle may influence the gastrointestinal transit (Wald et al., 1981; Gill et al., 1984) .
Each participant gave her informed consent in writing and the experimental protocol was approved by the Ethical Committee of Nara Women's University.
The experiments were performed between October 1998 and December 1998.
Procedure
The experiment was performed in the climatic chamber where ambient temperature and relative humidity were maintained at 26°C and 60%, respectively, throughout the experiment. The light intensity was maintained at 2000 lx from 0800h to 1800h, at 200 lx from 1800h to 2100h, at 100 lx from 2100h to 2400 h and at 0 lx from 2400h to 0800h.
The experiment consisted of the "no girdle" (NG) and the "girdle" (G) phases and each phase lasted 4 days. During the "NG" phase, the participants wore a shortsleeved knee-length loose dress and knickers. On the other hand, during the "G" phase, the participants wore a shortsleeved knee-length loose dress, knickers and a girdle. The girdle was appropriate for their body size, and was worn from 0800h to 2100h. Skin pressure (mean ± SD) was 9.3 ± 7.3 mmHg and 16.6 ± 7.80 mmHg at the waist, 6.5 ± 4.3 mmHg and 17.1 ± 4.5 mmHg at the abdomen and 4.1 ± 3.0 mmHg and 12.6 ± 5.0 mmHg in the hip region in the "NG" and the "G" phases, respectively. The interval between the "NG" and the "G" phases was approximately at least 1 month apart. The turn of the "NG" / the "G" phase was randomized.
The amount and contents of food and the volume of water taken during the experiment were strictly regulated to be identical between the "NG " and the "G" phases because they may influence the gastrointestinal motility. We also ensured from questionnaire that each participant took approximately the same diet for 3 days prior to the experiment. The amount of locomotor activity in the climatic chamber was almost identical between the "NG" and the "G" phases by a pedometer. Fig. 1 shows the experimental procedure. The participants spent 4 days mainly sedentary in the chamber. The participants were allowed to listen to music and read magazines, but they were prohibited from taking a nap.
Measurements
The whole gut transit time was determined by using the radiopaque marker technique. At 0800h on the first, second and third day of each phase, every participant took orally one capsule containg 20 radiopaque markers, which were a maximum of 3 mm in diameter. To calculate the whole gut transit time of the first, second and third day, the participants took different shape markers every day. Over a period of 4 days, all stool portions were collected in separate plastic bags, weighed with an electronic balance (accuracy 10-mg) and x-rayed. Exact defecation time was noted. The whole gut transit times of each day were determined as the time between the oral intake of each day's markers and their first appearance in the stool. It is assumed that the sooner the appearance of the markers in the feces is, the more active the gastrointestinal motility is.
The sensations of comfort/discomfort and skin pressure with/without a girdle were assessed at 0800h, 1200h and 2100h during each experimental period by using a questionnaire.
Statistical analysis
All results were expressed as the mean ± standard deviation. A paired t-test was used for all statistical analysis. A p-value <0.05 was considered significant.
Result
The amount of feces
The cumulative increase of feces is compared between the "NG" and the "G" phases in Fig. 2 . There was no significant difference on the first and second day between Fig. 2 Cumulative increase of feces and days without defecation during the "no girdle" ( ) and the "girdle" ( ) phases in six participants. No increase of feces from day to day was found partly in S1, S2 and S3, indicating that they did not defecate during that period. The final values are the amount of feces cumulated until 1000h on the fourth day.
the "NG" and the "G" phases. However, the cumulative increase of feces significantly decreased in the "G" phase than in the "NG" phase on the third and fourth day (p<0.05). The values on the third day were 398.48 ± 145.19 g and 310.80 ± 119.90 g in the "NG" and the "G" phases, respectively. The values on the fourth day were 478.08 ± 132.09 g and 378.92 ± 138.66 g in the "NG" and the "G" phases, respectively. These results indicated that the skin pressure by clothing reduced the amount of feces. Fig. 2 shows the change of cumulative increase of feces between the "NG" and the "G" phases. The flat slope from day to day means that the participants did not defecate during that period. The days without defecation during the whole experimental period was 0 day and 1 day for S1, 1 day and 3 days for S2, 1 day and 2 days for S3, in the "NG" and the "G" phases, respectively, i.e., the days of defecation were less with than without a girdle in three out of six participants. The other three participants, S4, S5, S6, defecated every day during the experiment with/ without a girdle. Thus, the skin pressure due to wearing a girdle tended to increase the days without defecation.
Days without defecation
The whole gut transit time of markers
The whole gut transit times of each day, which are determined as the time between the oral intake of each day's markers and their first appearance in the stool, are compared between the "NG" and the "G" phases in Fig. 3 . The whole gut transit times of the markers taken on the first day were significantly prolonged in the "G" phase compared with the "NG" phase (p<0.05). The mean whole gut transit times of the first day's markers were 34 h 05 ± 10 h 17 min in the "NG" phase and 49 h 07 ± 15 h 17 min in the "G" phase. The whole gut transit times of the markers taken on the second day tended to be prolonged in the "G" phase compared with the "NG" phase (p<0.10). The mean whole gut transit times of the second day's markers were 29 h 15 ± 11 h 10 min in the "NG" phase and 36 h 17 ± 10 h 30 min in the "G" phase. The whole gut transit times of the markers taken on the third day could not be compared because they did not appear in the stool before finishing the experiment. These results indicated that the skin pressure with a girdle seemed to prolong the whole gut transit time of the markers.
The sensation of the magnitude of skin pressure and its comfort
The participants felt pressed and uncomfortable in the "G" phase compared with the "NG" phase throughout the experimental period (Fig. 4) . Fig. 4 The questionnaire of the pressed sensation (top) and the comfortable sensation (bottom) in the "no girdle" ( ) and the "girdle" ( ) phases. 
Discussion
This study showed that the cumulative increase of feces and the days without defecation during the experimental period were reduced and increased, respectively and furthermore the whole gut transit time of the markers was prolonged under the influence of the skin pressure due to wearing a girdle.
The amount of feces and the whole gut transit time of the markers are generally considered to be greatly influenced by the defecation prior to the experiment, the amount of food, dietary fiber, water intake and activity prior to and throughout the experiment (Conen et al., 1992; Ganong, 1997) . In the present study, no significant differences in the frequency of defecation and the condition of feces prior to the "G" and the "NG" phases. These factors mentioned above were strictly regulated to be as identical as possible for 3 days prior to and throughout the experiment between the "G " and the "NG" phases. These indicated that the cumulative increase of feces and the whole gut transit time of the markers in this study were not influenced by the factors mentioned above. Wyman et al. (1978) reported that the amount of feces and the whole gut transit time of the markers changed from day to day. Our results showed that the cumulative increase of feces was significantly less in 5 out of 6 participants and the whole gut transit time of the first day's and second day's markers was longer in 5 out of 6 participants and in 4 out of 6 participants, respectively, in the "G" phase than in the "NG" phase. These observations suggest that the inhibitory tone caused by skin pressure with a girdle on the amount of feces and the whole gut transit time of the markers was beyond their day to day variations.
What physiological mechanisms are responsible for the reduced cumulative increase of feces and the prolonged whole gut transit time of the markers in the "G" phase than in the "NG" phase?
In this study, the skin pressure applied by a girdle prolonged the whole gut transit time of the marker for a mean of 15 hrs in the 1st day's marker, for a mean of 7 hrs in 2nd day's marker. It has been demonstrated that the orocecal transit time was delayed or accelerated for less than 0.5 hrs depending on several factors such as stress under cold, mental irritation and exercise (O'Brien et al., 1987; Keeling et al., 1990) . The stress under cold, mental irritation and exercise was different from the stress of this study. However, we predicted that skin pressure by a girdle has a small effect as mentioned above, on the oro-cecal transit time and mainly suppressed the motility of the big intestine, resulting in the longer stay of feces in the big intestine. Wyman et al. (1978) reported that wet fecal weight and the whole gut transit time of the markers were negatively correlated, but dry fecal weight and the whole gut transit time of the markers were not correlated. This indicates that the longer the whole gut transit time is, the lighter the wet fecal weight is, and its main reason was the reduced volume of water contained in "wet feces". The reabsorbtion of water from the feces might have been greater in the "G" phases of our present experiments because the feces remained longer in the large intestine, resulting in a decrease in their total amount (Ganong, 1997) . The whole gut transit time slowed by the skin pressure due to wearing a girdle made daily defecation irregular, resulting in a decrease in the cumulative increase of feces excreted during the experiment. No defecation day could delay gastric emptying (Tjeerdsma et al., 1993) , resulting in a prolongation of whole gut transit time and a decrease in the cumulative increase of feces excreted during the experiment.
Furthermore, Tokura and his group found that increased skin pressure inhibited salivary secretion and reduced salivary amylase concentration. These findings were accompanied by a lengthening of time required for digestion of starch (Tokura, 1989; Okura et al., 2000) . Digestive juices may have been secreted more slowly and been more diluted by the skin pressure in our present study. Meals remained longer in the stomach under the inhibition of acid-pepsin secretion with cimetidine (Kerrigan et al., 1991) . The delayed appearance of the markers excreted in the stool and the reduced cumulative increase of feces in the "G" phases of our experiments may be explained by the physiological changes mentioned above.
Increased activation of the sympathetic nervous system could suppress the motility of the stomach and the small/large intestines and increased activation of the parasympathetic nervous system could enhance the motility of the stomach and small/large intestines (Ganong, 1997) . Sugimoto (1991) reported that skin pressure applied by a girdle during daytime enhanced urinary norepinephrine. On the other hand, the different value of skin pressure may cause different response to norepinephrine. Lower skin pressure by the clothing could inhibit the activity of sympathetic and parasympathetic nervous systems (personal communication with S. Watanuki). It remains to be known how the sympathetic and parasympathetic nervous systems were relevant to our present findings.
It is concluded that the cumulative increase of feces was reduced and the days without defecation during the experimental period increased and the whole gut transit time of the markers was prolonged by the skin pressure applied by a girdle. The skin pressure due to wearing a girdle may be one of the factors causing constipation.
